We investigate in a relativistic Hartree theory the gross properties of cold symmetric nuclear matter and nuclear matter in beta equilibrium under the influence of strong magnetic fields. If the field strengths are above the critical values for electrons and protons, the respective phase spaces are strongly modified. This results in additional binding of the systems with distinctively softer equations of state compared to the field free cases. For magnetic field ∼ 10 20 Gauss and beyond, the nuclear matter in beta equilibrium practically converts into a stable proton rich matter.
In recent years considerable efforts have been directed to the study of the effects of intense magnetic fields on various astrophysical phenomena. Large magnetic fields B m = 10 12 − 10
14
G have been associated with the surfaces of supernovae [1] and neutron stars [2, 3] . On the other hand, extremely large fields could exit in the interior of a star. It is presumed from the scalar virial theorem [4] that the interior field in neutron stars could be as high as ∼ 10
18
G. Besides, the matter density in the neutron star core could exceed up to a few times the nuclear matter density. At such high fields and/or matter density, constituents of matter are relativistic. Moreover, the energy of a charged particle changes significantly in the quantum limit if the magnetic field is comparable to or above a critical value. The critical field is defined as that value where the cyclotron quantum is equal to or above the rest energy of the charged particle, which for electrons is B ∼ 10 20 G. Theoretical studies of free electron gas in intense magnetic fields relevant to the neutron star crust have been carried out by several authors using the Dirac theory [4] as well as Thomas-Fermi and Thomas-Fermi-Dirac models [5] . The intense fields were shown to drastically reduce photon opacities and greatly accelerate the cooling rates in neutron stars [6] . It has been also demonstrated [7, 8] that the magnetic fields have significant effects on the weak interaction rates and the abundances of light elements in the early Universe.
The influence of extremely large fields on neutron matter [9] relevant to the neutron star interior and on the thermodynamic properties of strange quark matter in cosmic QCD phase transition and baryon inhomogeneity in the early Universe [10] have been also investigated.
Motivated by the existence of strong magnetic fields which quantize the motion of the electrons, we investigate in this Letter its influence on the gross properties of dense nuclear matter appropriate to the interior of a neutron star. This may have profound implications on cooling rates, mass-radius relationship of neutron stars. It is also instructive to extend the calculations to values of B m ≥ 10 20 G where along with the electron, the proton motion is strongly quantized. Fields of such magnitude, appropriate to neutron star interior, could largely modify the proton phase space in the quantum limit. Though such high field is hitherto unestimated, it may possibly exist in the core of neutron star.
We therefore consider strong magnetic field effects on nuclear matter and a system composed of neutrons, protons and electrons (n-p-e system) in beta equilibrium within a relativistic Hartree approach in the linear σ-ω-ρ model [11] . In the beta equilibrium case, the electrons are assumed to move freely in the strong magnetic field, whereas the produced neutrinos/anti-neutrinos escape from the system without being Pauli blocked. In a uniform magnetic field B m along z-axis, the relativistic Hartree Lagrangian is given by
in the usual notation [11] . Here, 
The equation of motion for neutrons is obtained by setting the charge q = 0 and replacing (1) and (2); the corresponding solution is a plane wave. It may be mentioned that the Dirac theory for free electrons in a homogeneous magnetic field was first studied by Rabi [12] , and can be obtained by putting U H 0;p = 0 in Eq. (2). Since we confine to cold systems (T = 0), only positive energy spinors are considered. These in the chiral representation [13] are of the forms
where 
The total scalar density is
, where ρ 3 = n p − n n . The total baryon number density is n B = n n + n p , with
Here ν max is the largest integer not exceeding (µ * p 2 −m * 2 )/(2qB m ), and the effective chemical potential µ * p is ǫ H ν at the Fermi surface. The Landau level degeneracy factor g ν is 1 for ν = 0 and 2 for ν > 0. The total energy density of the system is given by
Here O e,ν = µ for neutrons, protons and electrons. The total pressure generated by the system is given
where E/A is the total energy per baryon. For symmetric nuclear matter (where n n = n p = n B /2), m * is evaluated self-consistently for a given n B and B m . On the other hand, the n-p-e system under the beta equilibrium and the charge neutrality conditions is in particular important for neutron star. For these two cases, when
, the charge neutrality condition, n p = n e , gives
When B m ≥ B , the decrease is relatively much faster beyond n B ≈ n 0 . This is attributed to the drastic reduction in the proton fermi momentum k , m * /m for symmetric nuclear matter (curve (c)) undergoes a further reduction beyond the density ∼ 3n 0 .
Considering now a n-p-e system, the curve (d) in the top panel of Fig. 1 , respectively. In contrast to B m = 0 case, for non-zero B m , even though the contribution from the scalar density is increased, the relatively larger decrease in kinetic energy density especially for protons results in the excess binding. Furthermore, it is observed that with increasing B m , the minima of the binding energy curves, where the pressure P = 0, shift towards higher densities. This is clearly seen in the insert of Fig. 2 where the pressure P is displayed as a function of energy density ε; the curves (a) to (f) correspond to the same values of B m as in Fig. 2 . The causality condition ∂P/∂ε ≤ 1 is fulfilled by all the cases considered here. It is evident from Eq. (8) that the kinetic energy density for protons is strongly suppressed, and σ meson term is strongly enhanced in the magnetic field. The latter term has a negative contribution to the pressure.
On the other hand, ω and ρ meson terms (ρ 3 = 0 for symmetric matter) which increase with n B , compensate the reduction in the kinetic energy and the scalar meson terms in the pressure at higher density to produce zero pressure (or energy minimum) compared to the B m = 0 cases. For the n-p-e system, considerable suppression of k
F and m * in magnetic field accentuates the above effect, as a consequence it is more bound with the minimum occurring at a higher density than the symmetric nuclear matter.
Recent studies have indicated that proton fraction in neutron star matter is crucial in determining the direct URCA process which leads to the cooling of neutron stars [15, 16] . In the bottom panel of Fig. 1 , the proton fraction Y p = n p /n B is shown for the n-p-e system for B m = 0 (solid line) and for 10 4 B
(e)(c) m (dashed line). The proton fraction is observed to be enhanced in the latter case. For direct URCA process, the inequality k shown by the dotted line in the figure, is found to be considerably enhanced. The drastic fall in the proton fermi momentum entails a substantial n → p conversion, as a result the system is converted to a highly proton rich matter. Moreover, it has been demonstrated in (µ e /m e ) 2 /2 predicted in Ref. [17] . As a consequence of charge neutrality, ν In this letter, we primarily focus on the new qualitative features that arise out of nuclear matter in a strong magnetic field within a relativistic Hartree approach in a simple linear σ-ω-ρ model. We believe that these features will survive even in more sophisticated calculations with a more refined EOS. It will be worth investigating the influence of a quantizing field on the quark matter in a relativistic Hartree-Fock model. 
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